Super-multiplex vibrational imaging by Wei, Lu et al.
Materials 
1. Synthesis of the MARS dyes.
General Methods. Unless otherwise noted, reagents and solvents were obtained from 
Sigma-Aldrich, Alfa-Aesar and Cambridge Isotopes and were used without further 
purification. Anhydrous solvents were obtained from a Schlenk manifold with 
commercially available purification columns packed with activated alumina and 
supported copper catalyst. Isotopic reagents: potassium cyanide-13C was obtained from 
Sigma-Aldrich (Aldrich 297038), potassium cyanide-15N and potassium cyanide-13C, 15N 
were obtained from Cambridge Isotopes (NLM-111 and CNLM-1961), phenylacetylene-
1, 2-13C2 and (Trimethylsilyl)acetylene-13C2 were obtained from Sigma-Aldrich (Aldrich 
604402, 603511). Flash chromatography was performed on a Teledyne ISCO 
CombiFlashRf using RediSepRf silica gel columns. Semi-prep HPLC was performed on 
a Waters Delta 600 with Phenomenex Luna 5u C18(2) 100A column using 
water/acetonitrile gradient as eluents. Nuclear magnetic resonance (NMR) spectra were 
recorded on a Bruker 500 (500MHz) Bruker 400 (400 MHz) or Bruker 300 (300 MHz) 
Fourier Transform (FT) NMR spectrometers at Columbia University, Chemistry 
Department. 1H NMR spectra are tabulated in the following order: multiplicity (s, singlet; 
d, doublet; t, triplet; m, multiplet; br, broad), number of protons. Chemical shifts are 
referenced to the solvent residual peak. Fast Atom Bombardment (FAB) high resolution 
mass spectra (HRMS) were recorded on a JMS-HX110A mass spectrometer. Electron 
spray ionization (ESI) and atmospheric pressure chemical ionization (APCI) mass spectra 
were recorded on a XEVO G2-XS Waters mass spectrometer equipped with a QTOF 
detector with multiple inlet and ionization capabilities. Compound UV-Vis absorption 
spectra were measured on a Tecan infinite 200 using cuvette. Fluorescence spectra were 
measured on a Tecan infinite 200 using 96-well plates. 
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Scheme S1. Synthetic route of MARS2228 NHS ester: 
Synthesis of MARS2228 NHS ester: 
Compound S1 was prepared according to a published procedure33. 
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Methyl 4,4-dimethoxybutyrate (1.36 g, 8.4 mmol) was dissolved in 9 mL ether and 4.5 
mL 1 N HCl was added at room temperature. The reaction was stirred at room 
temperature for 1 h before extracted with 3 × 10 mL DCM. The organic layers were 
combined, dried over Na2SO4 and the solvents were removed in vacuo to yield crude 
compound S2 as a colorless oil. S2 was dissolved in 5 mL dichloroethane for further use. 
To a stirring solution of S1 (517 mg, 3.47 mmol) in 25 mL dichloroethane was added 
glacial acetic acid (397 µL, 416 mg, 6.94 mmol) and sodium triacetoxyborohydride (1.40 
g, 6.6 mmol). The solution was stirred for another 5 min until the solid dissolved. To the 
solution was added the freshly prepared S2 solution in dichloroethane in small portions at 
RT. The reaction was closely monitored by TLC after each addition until total 
consumption of starting material was achieved. To the solution was added 20 mL 
saturated NaHCO3 aqueous solution. The organic layer was separated, the aqueous layer 
was washed with 2 × 25 mL DCM. The organic layers are combined, dried over Na2SO4 
and the solvents were removed in vacuo to yield crude compound S3, which was further 
purified via silica gel flash chromatography (hexane to hexane/ethyl acetate = 1/1) to 
yield S3 (446 mg, 1.79 mmol, 52%) as a colorless oil. 
1H NMR (500 MHz, CD3OD) δ ppm: 6.67 (d, J = 8.0 Hz, 1 H), 6.09 (d, J = 2.0 Hz, 1 H), 
5.98 (dd, J = 8.0 Hz, 2.5 Hz, 1 H), 3.66 (s, 3 H), 3.24 (t, J = 7.5 Hz, 2 H), 3.22 (t, J = 6.0 
Hz, 2 H), 2.62 (t, J = 6.5 Hz, 2 H), 2.38 (t, J = 7.3 Hz, 2 H), 1.91-1.85 (m, 4 H)  
13C NMR (101 MHz, CD3OD) δ ppm: 175.7, 157.4, 147.3, 130.6, 115.2, 103.8, 99.3, 
52.1, 51.7, 50.4, 32.1, 28.4, 23.8, 22.7 
HRMS (ESI+) m/z Calcd. for C14H20NO3 [M+H]+: 250.1443. Found: 250.1438 
To a solution of S3 (434 mg, 1.74 mmol) and triethylamine (726 µL, 527 mg, 5.22 mmol) 
in dry DCM (10 mL) was added trifluoromethanesulfonic anhydride (1.74 mL, 1.0 M 
solution in DCM, 1.74 mmol) dropwisely at 0 °C. The reaction was then warmed to RT 
and stirred for another 1 h before quenched with 10 mL 1 N HCl. The organic layer was 
separated. The aqueous layer was washed with 2 × 10 mL DCM. The organic layers are 
combined, dried over Na2SO4 and the solvents were removed in vacuo to yield crude 
compound S4, which was further purified via silica gel flash chromatography (hexane to 
hexane/ethyl acetate = 3/1) to yield S4 (531 mg, 1.39 mmol, 80%) as a colorless oil. 
NTfO
O
OMe
S4
NHO
O
OMe
S3
Tf2O
Et3N, DCM
WWW.NATURE.COM/NATURE | 3
SUPPLEMENTARY INFORMATIONRESEARCHdoi:10.1038/nature22051
1H NMR (400 MHz, CDCl3) δ ppm: 6.94 (d, J = 8.4 Hz, 1 H), 6.49 (d, J = 2.4 Hz, 1 H), 
6.46 (dd, J = 8.4 Hz, 2.4 Hz, 1 H), 3.69 (s, 3 H), 3.31 (t, J = 5.8 Hz, 2 H), 3.28 (t, J = 7.6 
Hz, 2 H), 2.74 (t, J = 6.4 Hz, 2 H), 2.38 (t, J = 7.0 Hz, 2 H), 1.98-1.89 (m, 4 H)  
13C NMR (101 MHz, CDCl3) δ ppm: 173.5, 149.4, 146.3, 130.0, 122.6, 118.9 (q, J = 322 
Hz), 107.6, 103.3, 51.8, 50.9, 49.2, 31.3, 27.7, 21.6, 21.4 
HRMS (ESI+) m/z Calcd. for C15H19NO5SF3 [M+H]+: 382.0936. Found: 382.0939 
To a round-bottom flask was added S4 (188 mg, 492 µmol), Pd(dppf)Cl2DCM (41 mg, 
50 µmol) and K2CO3 (138 mg, 1.0 mmol). Sequential vacuum and Argon was applied to 
the flask before 6 mL dioxane, 1 mL water and isopropenylboronic acid pinacol ester 
(141 µL, 126 mg, 750 µmol) were added to the mixture. The reaction was stirred at 70 °C 
for 45 min before another portion of Pd(dppf)Cl2DCM (41 mg, 50 µmol) was added. 
The reaction was stirred at 70 °C for another 2.5 h before cooled to RT. The reaction 
mixture was filtered through a short pad of silica before the solvents were removed in 
vacuo. The mixture was purified by silica gel flash chromatography (hexane to 
hexane/ethyl acetate = 3/1) to recover unconverted S4 (56.4 mg, 148 µmol, 30%) and to 
give S5 (53.3 mg, 195 µmol, 40%, 57% based on the recovery of starting material) as a 
colorless oil. 
1H NMR (400 MHz, CD3OD) δ ppm: 6.83 (d, J = 7.6 Hz, 1 H), 6.73 (d, J = 1.6 Hz, 1 H), 
6.30 (dd, J = 7.8 Hz, 1.8 Hz, 1 H), 5.27 (d, J = 0.8 Hz, 1 H), 4.96 (t, J = 1.6 Hz, 1 H), 
3.65 (s, 3 H), 3.31 (2 H, overlap with solvent peak), 3.26 (t, J = 5.6 Hz, 2 H), 2.70 (t, J = 
6.4 Hz, 2 H), 2.40 (t, J = 7.0 Hz, 2 H), 2.10 (dd, J = 1.2 Hz, 0.8 Hz, 3 H), 1.95-1.87 (m, 4 
H)  
13C NMR (101 MHz, CD3OD) δ ppm: 175.5, 146.2, 145.6, 141.3, 129.8, 123.2, 114.4, 
111.2, 109.3, 52.0, 51.6, 50.5, 32.0, 28.9, 23.4, 22.5, 22.3 
HRMS (ESI+) m/z Calcd. for C17H24NO2 [M+H]+: 274.1807. Found: 274.1804 
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9-hydroxymethyljulolidine (41.6 mg, 205 µmol) and S5 (53.3 mg, 195 µmol) were
dissolved in 3 mL dry dichloromethane under Ar. To the reaction flask was added BCl3
(1.0 M in DCM, 0.41 mL, 410 µmol) dropwisely at room temperature. The reaction
mixture was stirred overnight before a pre-mixed solution of polyphosphoric acid (PPA,
4.5 g) and H3PO4 (4.5 g, 85%) was added. The mixture was heated gently to 50 °C for 30
min until DCM was evaporated, then heated to 110 °C for 3 h while stirred vigorously.
The mixture was then cooled to 80 °C over 30 min before 10 mL water was added
dropwisely. The reaction was kept at 80 °C for another 3 h before poured onto ice. The
pH of the mixture was carefully adjusted to neutral with 50% NaOH solution before
extracted with 3 × 30 mL DCM. The organic layers were combined. In another flask
FeCl36H2O (135 mg, 0.5 mmol) was dissolved in 10 mL water and 3 mL 1 N HCl. The
organic layer was added to FeCl3 solution and stirred for another 10 min. The organic
layer was then separated, dried over Na2SO4 and the solvents were removed in vacuo to
yield compound S6 (86.4 mg, 180 µmol, 92%) as dark blue powder.
1H NMR (400 MHz, CD3OD) δ ppm: 7.77 (s, 1 H), 7.27 (s, 1 H), 7.25 (s, 1 H), 7.23 (s, 1 
H), 3.67-3.57 (m, 8 H), 3.17 (t, J = 5.8 Hz, 2 H), 2.80 (t, J = 5.8 Hz, 4 H), 2.48 (t, J = 6.4 
Hz, 2 H), 2.05-1.99 (m, 8 H), 1.82 (s, 6 H) 
13C NMR (126 MHz, CD3OD) δ ppm: 176.2, 160.0, 154.8, 154.5, 154.1, 151.1, 137.9, 
135.5, 124.6, 124.5, 124.4, 122.7, 120.5, 111.6, 53.2, 52.5, 52.3, 51.5, 42.5, 31.2, 30.4, 
28.3, 28.1, 27.9, 22.3, 22.2, 21.7, 21.6 
HRMS (ESI+) m/z Calcd. for C29H35N2O2 [M]+: 443.2699. Found: 443.2690 
To a solution of S6 (15 mg, 31 µmol) in 1 mL acetonitrile and 300 µL water was added 
KCN (6.5 mg, 100 µmol). The reaction was stirred for 30 min at RT before chloranil (10 
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mg, 40 µmol) was added. The reaction was stirred for another 2 h before filtered through 
a short pad of silica. The filtrate was concentrated in vacuo until dryness. The yielding 
dark-green solid, N-hydroxylsuccinimide (3.6 mg, 31 µmol) and 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (8.4 mg, 44 µmol) were dissolved in 2 mL DCM and 
the reaction was stirred at RT for 3 h before purified by silica gel flash chromatography 
(DCM to DCM/MeOH = 9/1) to yield MARS2228 NHS ester (2.6 mg, 4.3 µmol, 14% 
over three steps) as a dark green film. 
1H NMR (400 MHz, CD3OD) δ ppm: 7.63 (s, 1 H), 7.51 (s, 1 H), 7.07 (s, 1 H), 3.79 (t, J 
= 7.8 Hz, 2 H), 3.73-3.66 (m, 6 H), 3.19 (t, J = 5.8 Hz, 2 H), 2.88 (s, 4 H), 2.88-2.85 (m, 
6 H), 2.17-2.12 (m, 2 H), 2.07-2.05 (m, 6 H), 1.82 (s, 6 H) 
13C NMR (126 MHz, DMSO-d6) δ ppm: 170.3, 168.9, 155.7, 153.6, 152.6, 147.3, 131.7, 
129.9, 126.1, 125.6, 125.1, 124.0, 121.6, 117.5, 115.5, 111.4, 52.6, 51.8, 50.5, 50.4, 40.5, 
30.1, 27.6, 26.7, 26.6, 26.2, 25.5, 21.7, 20.4, 19.8, 19.7 
HRMS (ESI+) m/z Calcd. for C34H37N4O4 [M]+: 565.2815. Found: 565.2812 
Abs/Em = 744/758 nm (EtOH), ε = 1.2 × 105 M-1cm-1 in EtOH 
Synthesis of MARS2200, MARS2176, MARS2147 NHS esters: 
These three dyes were prepared following the same procedures as MARS2228 NHS 
ester using the corresponding isotopic potassium cyanides as reagents. 
1H NMR (400 MHz, CD3OD) δ ppm: 7.63 (s, 1 H), 7.51 (s, 1 H), 7.07 (s, 1 H), 3.79 (t, J 
= 7.8 Hz, 2 H), 3.73-3.66 (m, 6 H), 3.19 (t, J = 6.0 Hz, 2 H), 2.88 (s, 4 H), 2.88-2.85 (m, 
6 H), 2.18-2.13 (m, 2 H), 2.07-2.03 (m, 6 H), 1.82 (s, 6 H) 
HRMS (APCI+) m/z Calcd. for C34H37N315NO4 [M]+: 566.2785. Found: 566.2791 
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1H NMR (400 MHz, CD3OD) δ ppm: 7.63 (s, 1 H), 7.51 (s, 1 H), 7.07 (s, 1 H), 3.79 (t, J 
= 8.0 Hz, 2 H), 3.73-3.67 (m, 6 H), 3.19 (t, J = 6.0 Hz, 2 H), 2.88 (s, 4 H), 2.88-2.85 (m, 
6 H), 2.18-2.15 (m, 2 H), 2.09-2.03 (m, 6 H), 1.82 (s, 6 H) 
13C NMR (101 MHz, CD3OD) δ 116.3  
HRMS (ESI+) m/z Calcd. for C3313CH37N4O4 [M]+: 566.2848. Found: 566.2859 
1H NMR (400 MHz, CD3OD) δ ppm: 7.63 (s, 1 H), 7.51 (s, 1 H), 7.07 (s, 1 H), 3.79 (t, J 
= 7.8 Hz, 2 H), 3.73-3.67 (m, 6 H), 3.19 (t, J = 6.0 Hz, 2 H), 2.88 (s, 4 H), 2.88-2.85 (m, 
6 H), 2.18-2.12 (m, 2 H), 2.09-2.03 (m, 6 H), 1.82 (s, 6 H) 
13C NMR (101 MHz, CD3OD) δ 116.2 (d, J = 16.8 Hz) 
HRMS (ESI+) m/z Calcd. for C3313CH37N315NO4 [M]+: 567.2819. Found: 567.2825 
Synthesis of MARS2242: 
To a solution of Pyronin Y (Sigma P9172, purity > 45%, 3.3 mg, >4.9 µmol) in 500 µL 
acetonitrile and 300 µL water was added KCN solution in H2O (0.1 M, 130 µL, 13 
MARS 2176
NHS ester
Cl-
N N
O
O
N
O
O
13C
N
MARS 2147
NHS ester
Cl-
N N
O
O
N
O
O
13C
15N
WWW.NATURE.COM/NATURE | 7
SUPPLEMENTARY INFORMATIONRESEARCHdoi:10.1038/nature22051
µmol). The solution was vortexed for 5 min before FeCl3 solution in HCl/H2O (0.5 M in 
1 N HCl, 52 µL, 26 µmol) was added. The solution was vortexed for another 5 min 
before 1 mL 5% KPF6 aq. solution was added. Dark-blue precipitate formed and was 
extracted with 3 × 5 mL dichloromethane. The organic layers were combined, dried over 
Na2SO4 before the solvent was removed in vacuo. The product was purified via silica gel 
flash chromatography (DCM to DCM/MeOH = 9/1) to yield MARS2242 (2.4 µmol, 
determined by 1H NMR using 2.0 µL toluene as internal standard, >22%) as a dark blue 
solid. 
1H NMR (400 MHz, CD3OD) δ ppm: 7.95 (d, J = 9.6 Hz, 2 H), 7.38 (dd, J = 9.6 Hz, 2.4 
Hz, 2 H), 7.02 (d, J = 2.4 Hz, 2 H), 3.41 (s, 12 H) 
13C NMR (126 MHz, CD3OD) δ 159.6, 158.4, 130.9, 124.0, 117.6, 115.5, 113.2, 98.3, 
41.6 
HRMS (ESI+) m/z Calcd. for C18H18N3O [M]+: 292.1450. Found: 292.1448 
Abs/Em = 653/682 nm (EtOH), ε = 1.0 × 105 M-1cm-1 in EtOH 
Synthesis of MARS2214, MARS2186, MARS2159: 
These three dyes were prepared following the same procedures of MARS2242 using the 
corresponding isotopic potassium cyanides as reagents. 
1H NMR (400 MHz, CD3OD) δ ppm: 7.94 (d, J = 9.6 Hz, 2 H), 7.37 (dd, J = 9.6 Hz, 2.4 
Hz, 2 H), 7.01 (d, J = 2.4 Hz, 2 H), 3.41 (s, 12 H) 
HRMS (ESI+) m/z Calcd. for C18H18N215NO [M]+: 293.1420. Found: 293.1414 
1H NMR (400 MHz, CD3OD) δ ppm: 7.95 (d, J = 9.6 Hz, 2 H), 7.38 (dd, J = 9.6 Hz, 2.4 
Hz, 2 H), 7.02 (d, J = 2.4 Hz, 2 H), 3.41 (s, 12 H) 
13C NMR (101 MHz, CD3OD) δ 113.3  
HRMS (ESI+) m/z Calcd. for C1713CH18N3O [M]+: 293.1483. Found: 293.1477 
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1H NMR (500 MHz, CD3OD) δ ppm: 7.95 (d, J = 9.5 Hz, 2 H), 7.38 (dd, J = 9.5 Hz, 2.5 
Hz, 2 H), 7.02 (d, J = 2.5 Hz, 2 H), 3.41 (s, 12 H) 
13C NMR (126 MHz, CD3OD) δ 113.3 (d, J = 17.0 Hz)  
HRMS (ESI+) m/z Calcd. for C1713CH18N215NO [M]+: 294.1454. Found: 294.1450 
Synthesis of MARS2061: 
To an oven-dried flask under Argon was added 1 mL anhydrous THF and 
(Trimethylsilyl)acetylene-13C2 (Aldrich 603511, 25 mg, 250 µmol). The solution was 
cooled to -78 °C before n-BuLi solution (1.6 M in hexanes, 125 µL, 200 µmol) was 
added dropwisely. The reaction mixture was stirred for another 10 min under -78 °C 
before a solution of CeCl3•2LiCl in THF (0.2 M, 1 mL, 200 µmol was added 
dropwisely34. The slurry was stirred for another 10 min under -78 °C before a solution of 
S7 (7.5 mg, 23 µmol, 1 eq.) in 1 mL THF was added drop wise. The bright yellow 
solution was allowed to warm to RT in 30 min and stirred for another 4 h before 
quenched by addition of 2 mL 1 N HCl. The reaction was further diluted with 5 mL water 
and extracted with 3 × 5 mL DCM. The combined organic layers were dried over Na2SO4 
before the solvent was removed in vacuo. The solid was dissolved in a minimal amount 
of acetonitrile and 1 mL 5% KPF6 aq. solution was added. The precipitate was dissolved 
in DCM and the organic layer was separated and concentrated to yield crude product. The 
solid product was further purified with reverse phase HPLC to give MARS2061 (185 
nmol, determined using proton NMR with 2.0 µL acetic acid as internal standard, 0.8%) 
as a green film.  
1H NMR (500 MHz, CD3OD) δ ppm: 8.44 (d, J = 9.5 Hz, 2 H), 7.26 (d, J = 3.0 Hz, 2 H), 
7.06 (dd, J = 9.5 Hz, 3.0 Hz, 2 H), 3.39 (s, 12 H), 0.53 (s, 6 H), 0.40 (d, J = 2.5 Hz, 9 H)  
13C NMR (126 MHz, CD3OD) δ 119.8 (d, J = 133.3 Hz), 103.9 (d, J = 133.3 Hz) 
HRMS (ESI+) m/z Calcd. for C2213C2H33N2Si2 [M]+: 407.2249. Found: 407.2241 
Abs/Em = 720/740 nm (EtOH), ε = 9.9 × 104 M-1cm-1 in EtOH 
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Synthesis of MARS2101: 
Vinyl triflate S8 was prepared according to a published procedure35. 
To an oven-dried flask under Argon was added 100 mg S8 and 1 mL anhydrous THF. 
The solution was cooled to -78 °C before LiHMDS solution (1 M in THF, 680 µL, 680 
µmol) was added dropwisely. The reaction mixture was then warmed to RT and stirred 
for another 10 min before cooled to -78 °C again. A solution of CeCl3 in THF (250 µmol 
in 1 mL) was added drop wise. The slurry was stirred for another 10 min under -78 °C 
before a solution of ketone S7 (10 mg, 32 µmol) in 1 mL THF was added drop wise. The 
bright yellow solution was allowed to warm to RT in 30 min and stirred overnight before 
quenched by addition of 2 mL 1 N HClO4. The reaction was further diluted with 5 mL 
water and extracted with 3 × 5 mL DCM. The combined organic layers were dried over 
Na2SO4 before the solvent was removed in vacuo. The crude mixture was dissolved in 
DCM and passed through a short pad of silica before further purified with reverse phase 
HPLC. The green-colored fraction was collected and mixed with 0.5 mL 5% KPF6 
aqueous solution and extracted with DCM. The organic layer was separated and 
concentrated to yield MARS2101 (1.4 mg, 2.3 µmol, 7%) as a green film. 
1H NMR (500 MHz, CD3OD) δ ppm: 8.48 (d, J = 9.5 Hz, 2 H), 7.27 (d, J = 2.5 Hz, 2 H), 
7.06 (dd, J = 9.5 Hz, 2.5 Hz, 2 H), 3.40 (s, 12 H), 1.16 (t, J = 8 Hz, 9 H), 0.87 (q, J = 8 
Hz, 6 H), 0.54 (s, 6 H)  
13C NMR (126 MHz, CD3OD) δ 105.3  
HRMS (ESI+) m/z Calcd. for C2613CH39N2Si2 [M]+: 448.2685. Found: 448.2688 
Abs/Em = 721/739 nm (EtOH), ε = 1.3 × 105 M-1cm-1 in EtOH 
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Synthesis of MARS2237: this dye is rebranded from Rhodamine 800 (83701, Sigma). 
Synthesis of MARS2209: 
A suspension of Rhodamine 800 (Sigma 83701, 50 mg, 101 µmol) in 4 mL 10% NaOH 
was heated at 95 °C for 20 min. To the reaction was added 3 mL H2O, followed by 
extraction with 3 × 4 mL DCM. The combined organic layers were washed with brine, 
dried over Na2SO4 before the solvent was removed in vacuo. The residue was purified via 
silica gel flash chromatography (hexane to hexane/ethyl acetate = 1/2) to yield S9 (35.1 
mg, 91 µmol, 90%) as a slightly yellow solid. 
1H NMR (500 MHz, CDCl3) δ ppm: 7.70 (s, 2H), 3.32 – 3.18 (m, 8H), 2.92 (t, J = 6.5 Hz, 
4H), 2.82 (t, J = 6.4 Hz, 4H), 2.05 – 1.93 (m, 8H) 
13C NMR (126 MHz, CDCl3) δ 175.3, 153.3, 147.0, 123.4, 118.0, 111.0, 105.6, 50.1, 
49.6, 27.5, 21.8, 21.0, 20.6 
HRMS (ESI+) m/z Calcd. for C25H27N2O2 [M+H]+: 387.2072. Found: 387.2076  
To a solution of S9 (30 mg, 78 µmol) in 3 mL dry THF was added lithium aluminum 
hydride (14.8 mg, 390 µmol) in one portion, and the reaction mixture was stirred at room 
temperature for 12 h. Aqueous HCl (2 mL, 1N) was carefully added to the reaction 
system, followed by the addition of 2 mL H2O. The mixture was extracted with 3 × 3 mL 
DCM. The combined organic layers were washed with brine, dried over Na2SO4 and the
solvents were removed in vacuo. The residue was purified via neutral aluminum oxide
flash chromatography (DCM to DCM/MeOH = 9/1) to yield S10 (15.9 mg, 39 mmol,
50%) as a dark purple solid.
1H NMR (400 MHz, CD3OD) δ ppm: 8.16 (s, 1H), 7.30 (t, J = 1.3 Hz, 2H), 3.59 – 3.51 
(m, 8H), 2.99 (t, J = 6.4 Hz, 4H), 2.91 – 2.81 (m, 4H), 2.09 – 1.96 (m, 8H) 
13C NMR (101 MHz, CD3OD) δ ppm: 152.4, 151.5, 142.6, 127.8, 123.9, 113.6, 105.1, 
50.6, 50.1, 27.0, 20.4, 19.4, 19.4 
HRMS (ESI+) m/z Calcd. for C25H27N2O [M]+: 371.2123. Found: 371.2126 
Rhodamine 800
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O
N O N
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N O N
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To a solution of S10 (7.5 mg, 18 µmol) in 5 mL acetonitrile and 1 mL water was added 
KC15N solution in H2O (0.1 M, 360 µL, 36 µmol). The solution was stirred for 30 min 
before FeCl3 solution in HCl/H2O (0.5 M in 1 N HCl, 144 µL, 72 µmol) was added. The 
solution was stirred for another 2 h before 2 mL 5% KPF6 aq. solution was added. The 
dark-blue mixture was extracted with 3 × 3 mL DCM. The organic layers were combined, 
dried over Na2SO4 before the solvent was removed in vacuo. The product was purified 
via silica gel flash chromatography (DCM to DCM/MeOH = 9/1) to yield MARS2209 
(2.0 mg, 3.7 µmol, 21%) as a dark blue solid. 
1H NMR (500 MHz, CD3OD) δ ppm: 7.45 (s, 2H), 3.68 – 3.56 (m, 8H), 3.00 (t, J = 6.4 
Hz, 4H), 2.94 (t, J = 6.2 Hz, 4H), 2.12 – 1.99 (m, 8H) 
HRMS (ESI+) m/z Calcd. for C26H26N215NO [M]+: 397.2046. Found: 397.2043 
Synthesis of MARS2183, MARS2154: 
These two dyes were prepared following the same procedures of MARS2209 using the 
corresponding isotopic potassium cyanides as reagents. 
1H NMR (400 MHz, CD3OD) δ ppm: 7.44 (s, 2H), 3.67 – 3.56 (m, 8H), 2.99 (t, J = 6.3 
Hz, 4H), 2.94 (t, J = 6.2 Hz, 4H), 2.13 – 1.99 (m, 8H) 
13C NMR (101 MHz, CD3OD) δ 112.4  
HRMS (ESI+) m/z Calcd. for C2513CH26N3O [M]+: 397.2109. Found: 397.2104 
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1H NMR (500 MHz, CD3OD) δ ppm: 7.45 (s, 2H), 3.66 – 3.58 (m, 8H), 3.00 (t, J = 6.4 
Hz, 4H), 2.94 (t, J = 6.3 Hz, 4H), 2.11 – 1.98 (m, 8H) 
13C NMR (126 MHz, CD3OD) δ 112.4 (d, J = 16.4 Hz) 
HRMS (ESI+) m/z Calcd. for C2513CH26N215NO [M]+: 398.2080. Found: 398.2081 
Synthesis of MARS2225: 
Compound Si-pyronine was prepared according to a published procedure36. 
To a solution of Si-pyronine (8.0 mg, 23 µmol) in 5 mL acetonitrile and 1 mL water at 0 
°C was added KCN solution in H2O (0.1 M, 460 µL, 46 µmol). The solution was stirred 
at the same temperature for 5 min. The solution was diluted with 3 mL H2O before 
extracted with 3 × 3 mL DCM. The combined organic layers were washed with brine, 
dried over Na2SO4 before the solvent was removed in vacuo. The residue was purified via 
preparative TLC (hexane/ethyl acetate = 10/1) to yield S11 (2.6 mg, 7.7 µmol, 33%) as 
colorless oil. 
1H NMR (400 MHz, CDCl3) δ ppm: 7.37 (d, J = 8.5 Hz, 2H), 6.96 (d, J = 2.8 Hz, 2H), 
6.74 (dd, J = 8.5, 2.8 Hz, 2H), 5.03 (s, 1H), 2.98 (s, 12H), 0.56 (s, 3H), 0.53 (s, 3H) 
13C NMR (101 MHz, CDCl3) δ ppm: 149.6, 136.0, 128.6, 128.3, 121.0, 117.4, 113.7, 
40.6, 39.6, -1.4, -3.0 
HRMS (ESI+) m/z Calcd. for C20H26N3Si [M+H]+: 336.1896. Found: 336.1896 
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To a solution of S11 (2.6 mg, 7.7 µmol) in 3 mL acetonitrile and 0.5 mL water was added 
FeCl3 solution in HCl/H2O (0.5 M in 1 N HCl, 62 µL, 31 µmol). The solution was stirred 
for another 2 h. Intense-green solution was formed. The reaction was diluted with 2 mL 
H2O, followed by extraction with 3 × 2 mL dichloromethane. The organic layers were 
combined, dried over Na2SO4 before the solvent was removed in vacuo. The product was 
purified via silica gel flash chromatography (DCM to DCM/MeOH = 9/1) to yield 
MARS2225 (2.0 mg, 5.4 µmol, 70%) as a dark green solid. 
1H NMR (400 MHz, CD3OD) δ ppm: 8.14 (d, J = 9.6 Hz, 2H), 7.41 (d, J = 2.8 Hz, 2H), 
7.15 (dd, J = 9.7, 2.7 Hz, 2H), 3.46 (s, 12H), 0.57 (s, 6H) 
HRMS (ESI+) m/z Calcd. for C20H24N3Si [M]+: 334.1740. Found: 334.1740 
Synthesis of MARS2199, MARS2173, MARS2145: 
These three dyes were prepared following the same procedures of MARS2225 using the 
corresponding isotopic potassium cyanides as reagents. 
1H NMR (400 MHz, CD3OD) δ ppm: 8.14 (d, J = 9.6 Hz, 2H), 7.41 (d, J = 2.8 Hz, 2H), 
7.15 (dd, J = 9.6, 2.8 Hz, 2H), 3.46 (s, 12H), 0.57 (s, 6H) 
HRMS (ESI+) m/z Calcd. for C20H24N215NSi [M]+: 335.1710. Found: 335.1713 
1H NMR (400 MHz, CD3OD) δ ppm: 8.14 (d, J = 9.6 Hz, 2H), 7.41 (d, J = 2.7 Hz, 2H), 
7.15 (dd, J = 9.6, 2.7 Hz, 2H), 3.46 (s, 12H), 0.57 (s, 6H) 
13C NMR (126 MHz, CD3OD) δ ppm: 116.0 
HRMS (ESI+) m/z Calcd. for C1913CH24N3Si [M]+: 335.1773. Found: 335.1772 
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1H NMR (400 MHz, CD3OD) δ ppm: 8.14 (d, J = 9.6 Hz, 2H), 7.41 (d, J = 2.8 Hz, 2H), 
7.15 (dd, J = 9.6, 2.8 Hz, 2H), 3.46 (s, 12H), 0.57 (s, 6H) 
13C NMR (101 MHz, CD3OD) δ 116.0 (d, J = 17.2 Hz) 
HRMS (ESI+) m/z Calcd. for C1913CH24N215NSi [M]+: 336.1743. Found: 336.1738 
Synthesis of MARS2233: 
To a round-bottom flask was added S12 (200 mg, 1.0 mmol), Pd(dppf)Cl2DCM (163 
mg, 0.2 mmol) and K2CO3 (276 mg, 2.0 mmol). Sequential vacuum and Argon was 
applied to the flask before 6 mL dioxane, 1 mL water and isopropenylboronic acid 
pinacol ester (283 µL, 252 mg, 1.5 mmol) were added to the mixture. The reaction was 
stirred at 85 °C for 2 h before cooled to room temperature. The reaction mixture was 
filtered through a short pad of silica before the solvents were removed in vacuo. The 
mixture was purified by silica gel flash chromatography (hexane to hexane/ethyl acetate 
= 80/1) to give S13 (153 mg, 0.95 mmol, 95%) as colorless oil. 
1H NMR (500 MHz, CDCl3) δ ppm: 7.22 (t, J = 8.0 Hz, 1H), 6.89 – 6.81 (m, 2H), 6.74 – 
6.65 (m, 1H), 5.35 (dd, J = 1.9, 0.9 Hz, 1H), 5.07 (t, J = 1.6 Hz, 1H), 2.98 (s, 6H), 2.17 (t, 
J = 1.1 Hz, 3H) 
13C NMR (126 MHz, CDCl3) δ ppm: 150.7, 144.3, 142.4, 128.9, 114.5, 112.1, 112.1, 
110.1, 40.8, 22.1 
HRMS (ESI+) m/z Calcd. for C11H16N [M+H]+: 162.1283. Found: 162.1285 
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Compound S14 was prepared according to a modified procedure adapted from reference 
(22). 
4-dimethylaminobenzyl alcohol (93 mg, 614 µmol) and S13 (90 mg, 558 µmol) were
dissolved in 6 mL dry dichloromethane under Ar. To the reaction flask was added BCl3
(1.0 M in DCM, 1.1 mL, 1.1 mmol) dropwisely at room temperature. The reaction
mixture was stirred overnight before a pre-mixed solution of polyphosphoric acid (PPA,
6.0 g) and H3PO4 (6.0 g, 85%) was added. The mixture was heated gently to 50 °C for 30
min until DCM was evaporated, then heated to 120 °C for 3 h while stirred vigorously.
The mixture was then cooled to 80 °C over 30 min before 10 mL water was added
dropwisely. The reaction was kept at 80 °C for another 3 h before poured onto ice. The
pH of the mixture was carefully adjusted to neutral with 50% NaOH solution before
extracted with 3 × 60 mL DCM. The organic layers were combined. In another flask
FeCl36H2O (135 mg, 2.23 mmol) was dissolved in 30 mL water and 9 mL 1 N HCl. The
organic layer was added to FeCl3 solution and stirred for another 10 min. The organic
layer was then separated, dried over Na2SO4 and the solvents were removed in vacuo to
yield crude compound S14 (purity > 65%, 83 mg, > 164 µmol) as a dark blue powder.
1H NMR (500 MHz, CD3OD) δ ppm: 8.12 (s, 1H), 7.72 (d, J = 9.1 Hz, 2H), 7.19 (d, J = 
2.4 Hz, 2H), 7.00 (dd, J = 9.1, 2.4 Hz, 2H), 3.36 (s, 12H), 1.72 (s, 6H) 
HRMS (ESI+) m/z Calcd. for C20H25N2 [M]+: 293.2018. Found: 293.2014 
To a solution of S14 (purity > 65%, 8.0 mg, >15.8 µmol) in 5 mL acetonitrile and 1 mL 
water was added KCN solution in H2O (0.1 M, 365 µL, 36.5 µmol). The solution was 
stirred for 30 min before FeCl3 solution in HCl/H2O (0.5 M in 1 N HCl, 146 µL, 73 
µmol) was added. The solution was stirred for another 2 h before 2 mL 5% KPF6 aq. 
solution was added. Dark-blue precipitate formed and was extracted with 3 × 3 mL 
dichloromethane. The organic layers were combined, dried over Na2SO4 before the 
solvent was removed in vacuo. The product was purified via silica gel flash 
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chromatography (DCM to DCM/MeOH = 9/1) to yield MARS2233 (1.1 mg, 2.4 µmol, 
15%) as a dark blue solid. 
1H NMR (500 MHz, CD3OD) δ ppm: 7.97 (d, J = 9.3 Hz, 2H), 7.28 (d, J = 2.4 Hz, 2H), 
7.17 (dd, J = 9.4, 2.4 Hz, 2H), 3.45 (s, 12H), 1.75 (s, 6H) 
HRMS (ESI+) m/z Calcd. for C21H24N3 [M]+: 318.1970. Found: 318.1979 
Synthesis of MARS2204, MARS2179, MARS2152: 
These three dyes were prepared following the same procedures of MARS2233 using the 
corresponding isotopic potassium cyanides as reagents. 
1H NMR (400 MHz, CD3OD) δ ppm: 7.97 (d, J = 9.4 Hz, 2H), 7.28 (d, J = 2.5 Hz, 2H), 
7.17 (dd, J = 9.4, 2.5 Hz, 2H), 3.46 (s, 12H), 1.75 (s, 6H) 
HRMS (ESI+) m/z Calcd. for C21H24N215N [M]+: 319.1941. Found: 319.1938 
1H NMR (400 MHz, CD3OD) δ ppm: 7.97 (d, J = 9.4 Hz, 2H), 7.27 (d, J = 2.4 Hz, 2H), 
7.16 (dd, J = 9.4, 2.4 Hz, 2H), 3.45 (s, 12H), 1.74 (s, 6H) 
13C NMR (101 MHz, CD3OD) δ 114.2  
HRMS (ESI+) m/z Calcd. for C2013CH24N3 [M]+: 319.2004. Found: 319.1995 
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1H NMR (500 MHz, CD3OD) δ ppm: 7.96 (d, J = 9.3 Hz, 2H), 7.27 (d, J = 2.4 Hz, 2H), 
7.16 (dd, J = 9.3, 2.5 Hz, 2H), 3.45 (s, 12H), 1.74 (s, 6H) 
13C NMR (126 MHz, CD3OD) δ 114.2 (d, J = 16.4 Hz)  
HRMS (ESI+) m/z Calcd. for C2013CH24N215N+ [M]+: 320.1974. Found: 320.1977 
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